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Ca2+-H+反向转运体运至液泡内进行储存。H+-ATP 酶是另一种 ATP 酶，通常被
称为是植物质膜的“主宰酶”。H+-ATP 酶的主要生物学功能有：活化主动运输、
产生质子电化学梯度、酸化细胞壁并使之保持松弛水平等。迄今，已有关于模拟
酸雨条件下对植物细胞质膜上 Ca2+-ATP 酶、H+-ATP 酶以及抗氧化酶活性的影
响，以及钙元素参与缓解酸雨对它们的影响方面的报道。而不同钙浓度下模拟
酸雨对木本植物枫香（Liquidambar formosana ）和木荷（Schima superba）质膜
上 ATP 酶以及抗氧化活性的影响，至今仍未有报道。我们对不同钙浓度下，模
拟酸雨对枫香和木荷细胞质膜上Ca2+-ATP酶、H+-ATP酶以及抗氧化活性的影响
研究，为这方面提供数据支持。我们研究了低钙（0.1 mM CaCl2）和高钙（10 mM 
CaCl2）条件下模拟酸雨对酸雨抗性物种木荷和敏感物种枫香的影响。分别测定
了叶片伤斑、叶绿素含量、过氧化氢和丙二醛 (MDA) 的含量，以及超氧化物歧


















































Concerns about the influence of acid rain on forest health exist for industrialized 
regions around the world including Europe, Eastern North America, and increasingly 
China. Acid rains could deplete the calcium from the plants or ecosystems, lead to 
serious negative effects on plant growth, and thus cause the decline of forests. Being 
an essential nutrient and a second messenger in its ion form within a cell, calcium is 
required at all stages of plants growth and development, and a stable Ca level is 
required to maintain cell wall structure and membrane function. Species may also 
vary widely in their inherent growth requirement for Ca. The application of 
exogenous calcium has previously been reported to aid in the recovery of forest that 
was damaged by acid rain.  
The superfluous calcium was pumped out of the cell by Ca2+-ATPase on plasma 
membrane and transport to vacuole by Ca2+/H+ antiporter. H+-ATPase is another type 
of ATPase usually named the “master enzyme” in the plasma membrane for plants. Its 
major physiological roles are to activate secondary transport, to generate an 
electrochemical gradient of protons, acidify the cell wall and maintain the relaxed 
state of the cell wall. 
To our knowledge, to date there have been no detailed report on the effects of 
simulated acid rain (SiAR) on plasma membrane Ca2+-ATPase, H+-ATPase and 
antioxidant activities of Liquidambar formosana and Schima superba in southern 
















The effects of SiAR on leaf necrosis, chlorophyll, hydrogen peroxide (H2O2) and 
malondialdehyde (MDA) contents and the activities of catalase (CAT), superoxide 
dismutase (SOD), plasma membrane Ca2+-ATPase and H+-ATPase in Liquidambar 
formosana and Schima superba were investigated during the present study. The 
influence of exogenous Ca on these parameters was also studied. The main results are 
as follows: 
The two tree species showed different responses to SiAR under calcium treatments. L. 
formosana was sensitive and suffered greater negative effects at low Ca level (0.1 
mM CaCl2) whereas S. superba was tolerant. The visible symptoms of injury 
observed in this investigation such as necrosis can be related to chlorophyll loss. 
The antioxidant activities of SOD and CAT decreased significantly under acid rain 
stress at low Ca level in L. formosana, whereas MDA and H2O2 were more abundant 
in the stressed leaves of L. formosana than in those of S. superba. However, the 
results suggested that exogenous Ca treatment enhanced acid rain tolerance in both L. 
formosana and S. superba. This enhancement was related to the high maintenance of 
SOD and CAT antioxidant activities and a decrease in membrane lipid peroxidation 
and H2O2 content. The plasma membrane H+-ATPase and Ca2+-ATPase of L. 
formosana were both sensitive to acid rain and the inhibition of their activities were 
stronger at low Ca levels. High Ca levels (10 mM CaCl2) activate Ca2+-ATPase and 
H+-ATPase activities in both L. formosana and S. superba suggesting that Ca can 
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